ABSTRACT
leukemia virus in established cultures derived from mouse spleen cells (16) , from a mixture of BALB/c mouse spleen and thymus cells (18) , and from BALB/c mouse embryo cells (8) has been well documented. The virus has been shown to multiply in cultures of mouse kidney cells when mice were inoculated 7 days prior to the initiation of the cultures (12) . Heretofore, all in vitro studies of Rauscher virus were concerned wlth mouse cells as the host system. Although rats are highly susceptible to leukemia induced by Rauscher virus (14) , these animals have not been considered as the natural host of murine leukemia viruses (13) . Agents apparently related to infrequent spontaneous leukemias in rats (6, 15) have not been well defined (17) . It was of interest to study the response of cultured rat cells to Rauscher virus infection. The present study was undertaken to determine whether rat kidney cells are capable of supporting Rauscher virus replication in vitro, and whether carrier cultures can be established.
MATERIALS AND METHODS
Establishment of long-term cell cultures; NCI-RR cell line. These cells were derived from an adult, noninbred Osborne-Mendel (OM) rat, which was kindly provided by F. J. Rauscher. The rat had been inoculated at birth with 3 or 4 log infective units of Rauscher virus at its 17th passage in rats of the same strain. At time of sacrifice, the animal presented a large lymphocytic neoplastic thymus, enlarged lymph nodes, and splenomegaly. The two kidneys were decapsulated, and the tissue was minced, washed with balanced salt solution (BSS), and treated with 0.25% trypsin solution containing penicillin and streptomycin. The resulting cell suspension was washed again with BSS, and resuspended in modified McCoy medium containing 30% fetal calf serum and antibiotics (Grand Island Biological Co., Grand Island, N.Y.). The cells were seeded into T-60 flasks. After 3 days, the growth medium was renewed for the first time, and, thereafter, the medium was renewed at 3-to 4-day intervals. On the 7th day after the initial planting, a complete monolayer was obtained. The cultures were split by trypsin treatment every 4 to 5 days, grown in modified McCoy medium with 15% fetal calf serum, and maintained in the same medium but with only 5% serum. This line is currently (June, 1966) in its 35th passage.
NCI-NR cell lines. The technique employed to establish two normal cultures was identical to that described for the NCI-RR line. They were derived from healthy young adult OM rats, and are currently (June, 1966) in their 27th and 29th passages. They were used throughout the present study as control cultures.
Antigen and virus pools. To prepare virus or antigen grown in tissue culture, 7-to 14-day-old NCI-RR cultures were harvested by scraping the cells from DUC-NGUYEN, ROSENBLUM, AND ZEIGEL sion was then treated in a disintegrator (Ultrasonic Industries, Inc., Plainview, N.Y.) for 2 min at 1.8 amp. The resulting homogenized material was tested for complement-fixation activity or used as a source of virus pools after clarification by low-speed centrifugation. Culture media (7 or more days old) from NCI-RR cultures were also used as a source of seed virus.
The Indiana strain of vesicular stomatitis virus (VSV) provided by K. Paucker (The Children's Hospital of Philadelphia, Philadelphia, Pa.) was grown in chick embryo fibroblasts and used for interferon assay.
Complement-fixation (CF) test. The microtechnique described by Huebner et al. (9) Preparation of cells and culture fluids for electron microscopy. The phosphotungstic acid (PTA) staining was carried out as follows. Culture medium was first clarified by centrifugation at 200 X g for 15 min; the viral particles in the supernatant fluids were then centrifuged at 54,000 X g for 2 hr. Three to four drops of filtered 2% aqueous PTA solution, adjusted to pH 7.2 with 0.1 N KOH, was added to the viral pellet, and thoroughly mixed with it for 1 min; one small drop of the mixture was then placed on carboncoated collodion-layered grids. For the preparation of thin sections, cell monolayers were gently scraped from the flask surface, sedimented by low-speed centrifugation, fixed successively in chrome-osmium mixture and 0.5% aqueous uranyl acetate solution, dehydrated with graded alcohol, and embedded in an Epon-araldite mixture. Thin sections were doublestained with uranyl acetate and lead citrate for 20 and 15 min, respectively. was inoculated into three sets of 48-hour-old monolayers prepared from one of the normal cell lines in its 12th passage. The first set of cells was subcultured on the 7th; the second, on the 10th; and the third, on the 13th day after inoculation. Each of the three sets of monolayers was accompanied by an uninoculated control. Subsequent splitting of cells and CF testing for antigen reacting with Rauscher immune sera were carried out weekly. As can be seen in Table 2 , detectable antigen was observed approximately 3 weeks after inoculation of the virus, and significant titers were obtained by the end of the 4th week. No evidence of antigen was noted in the first two passages. The control cultures remained free from this antigen at each passage level. In the third subculture, antigen in set C reached a significant titer, whereas set A barely showed the presence of antigen at dilution 1:2, and set B had a low titer. A linear correlation seemed to exist between the number of days elapsed before the first subculture was performed and the titer of CF-reactive antigen at the third passage. The results indicated that a CF antigen reacting with Rauscher immune sera was induced in a normal rat cell line exposed to the supematant fluids of cultures which were derived from the kidneys of a leukemic rat.
RESULTS

Growth characteristics of Rauscher virus
Electron microscopy. Supernatant fluids and cells of NCI-RR line and those of the control lines were examined at various passage levels. Viral buds were observed in cultures of NCI-RR cells in all passages examined (Fig. 5, 6, 9 ). Viral particles in different stages of maturation were seen scattered or bridged in clusters (Fig. 11) around the cell. Figure 5 shows two interconnecting particles with electron-lucent nucleoids. Each particle has a dense inner ring, an intermediate shell, and a thin outer coat. Occasionally, budding virus with a long pedicle was observed (Fig. 5) . Figure 7 illustrates at least eight particles sectioned at various distances from their centers. One of them shows an angular head with a long double-membraned tail. Three mature particles with electron-dense nucleoids and irregular outer coats are shown in Fig. 8 . The upper one is engulfed in the invagination of a portion of the plasma membrane, beneath which deposits of electron-dense material are evident (arrow). The viral surface is separated from the cell membrane by thin filamentous materials. Whether this picture represents the early stage of a pinocytotic process cannot be ascertained. It is conceivable that such activity might occur in cultures in which viral replication is taking place. Incomplete particles with discontinuous coats (Fig. 12) were more frequently observed in early passages than in the later ones. Observations by thin section of the fifth subcultures, which were derived from the normal rat kidney cells inoculated with supernatant fluid of NCI-RR cultures, as described above, revealed the presence of virus in small number. This seemed to correlate with the low CF antigen titers (Table 2) . Negative-staining techniques applied to the 5-day-old culture medium of a culture passaged 14 times revealed tailed particles (Fig. 10 ). Viral particles with tails were also observed in the supematant fluids of the culture dated 17 November 1965, which had, as shown above, a CF antigen titer of 1: 32.
Induction of leukemogenic diseases in animals by NCI-RR cells. When cell extracts from the 24th passage of the NCI-RR line were inoculated into newborn OM rats and BALB/c mice, these animals developed leukemogenic diseases indistinguishable from the original diseases described by Rauscher (14) . Control animals, uninoculated or inoculated with NCI-NR cells, were free from the diseases. The results of further studies on the potential antigenicity and pathogenicity of tissue culture-grown Rauscher virus in rats and mice will be the subject of a later report.
Storage of cell lines. Attempts were made to determine the viability of control cells and NCI-RR cells with 8% dimethylsulfoxide and 30% fetal calf serum at -70 C. After thawing, viable-cell counts were performed, by use of 0.1% trypan blue as diluent. After 9 weeks of storage, 85 to 90% of viable cells were recovered. Physical properties. The CF antigen derived from culture media or sonic-treated extracts of NCI-RR cells was sedimented at 20,000 X g for 60 to 90 min. When culture fluids, showing the high viscosity noted above, were centrifuged at 80,000 x g for 2 hr, a thick viscous material was sedimented into the pellet. Further studies are in progress to determine its nature. The data indicated that CF antigen was directly related to the presence of viral particles, and that the virus can be separated from the viscous material by high-speed centrifugation.
DISCUSSION
The persistent infection in vitro of a rat kidney cell line with Rauscher virus was indicated by: (i) the use of a host system in which no leukemia viruses had been demonstrated; (ii) the typical pathological findings of the leukemic animal from which the infected line NCI-RR was derived; (iii) the demonstration of a CF antigen reacting with specific Rauscher immune sera at various passage levels; (iv) the electron microscopic observations of typical murine leukemia viral buds at different stages of maturation in several subcultures; (v) the recovery of viral particles from the culture media of 5-month-old NCI-RR monolayers; and (vi) the observation of the leukemogenic effect of Rauscher virus in rats and mice inoculated with NCI-RR cells. A successful transmission of a CF antigen-inducing agent to a normal rat cell line was indicated by the gradual rise of CF titers, and the electron microscopic observation of Rauscher virus particles in the subsequent passages of inoculated cultures, but not in uninoculated ones. Persistence of residual Rauscher virus in passaged cultures was very unlikely, since 14 passages and 28 medium changes were performed before the supernatant fluid was used for inoculation into normal cells. The absence of detectable CF antigen in the first two subcultures could be due to one, or a combination, of the following factors: (i) the low input multiplicity employed, (ii) the age of the culture when infected, ( 
